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We work out simple tree level relations in a top condensate model with dynamical electroweak
symmetry breaking. We find that in this picture the mass of the composite Higgs boson at tree level
is given by m2H =
m
2
t
2
where mt is the mass of the top quark.
PACS numbers: 12.60.Cn, 12.60.Fr, 12.60.Rc
Recently the ATLAS [1] and CMS [2] experiments at CERN have confirmed the existence of a Higgs like particle
with a mass mH = 125.5 GeV which has approximately [3] all the properties of the standard model Higgs boson. The
question remains if this Higgs boson is part of a larger structure like that of a supersymmetric model [4] or of a model
with dynamical symmetry breaking. The standard model by itself does not predict the mass of the Higgs boson and
one needs additional assumptions and extensions to determine this mass.
The Higgs boson can be composite in a large variety of models with dynamical symmetry breaking like the topcolor
models [5],[6] or technicolor ones [7], [8]. In this work we will consider the simple case of a single composite Higgs
doublet. For simplicity we shall take the structure of this Higgs boson given by the top condensate models [9]:
Φ =
[
t
†
RbL
t
†
RtL
]
. (1)
In [10] we explored the possibility that by analogy with the low energy QCD in this kind of model also four quark
states belonging to an additional Higgs doublet and a Higgs triplet might exist. We shall neglect this possibility here.
Here we make the simple assumption that the bound state form through a Nambu Jona-Lasinio [11] mechanism and
rely on the simplest top condensate model described in [9]. For clarity we will resume to the electroweak sector of the
standard model with only the top bottom quark doublet.
The model we wish to discuss has the initial Lagrangian:
L = Lkin +G(Ψ¯LtR t¯RΨL) (2)
where the kinetic term also includes the gauge interactions. It was shown in [9] that this Lagrangian generates a mass
mt for the top quark, a composite scalar with the mass ms = 2mt and three massless pseudo Goldstone bosons. These
states have the correct quantum numbers to lead to the dynamical breaking of the electroweak symmetry. The mass
of the neutral scalar is obtained from the pole in the sum of the scalar channel fermion bubble and it is a definite
prediction of this type of models. This prediction might be improved by considering corrections coming from the
gauge sector and from higher order fermion operators but even in this case the predicted mass of the composite scalar
is at least two times the mass of the Higgs boson found at the LHC.
One might take as an example another Lagrangian that of a linear sigma model describing the light mesons in low
energy QCD [12] which in its simplest form is:
L = −
1
2
Tr[∂µM∂µM
†]− c2Tr[MM
†] + 2Tr[AS] (3)
where the M field represents an octet of scalar and pseudoscalar mesons and the last term breaks explicitly the chiral
symmetry and it is proportional to the mass of the light quarks (Note that the actual Lagrangian in [12] is more
complex but we truncated it for the purpose of illustration). It turns out that the sigma in the simple model described
∗ Email: fariboa@sunyit.edu
† Email: rjora@theory.nipne.ro
§ Email: schechte@phy.syr.edu
2in Eq. (3) has a mass m2s =
2A
α
(for simplicity we took the symmetry breaking term degenerate) so the fact that the
composite state has a mass dependent directly on the mass of the elementary quarks is quite generic.
The Lagrangian in Eq. (2) leads, at an energy lower that of formation of composite states, to the effective La-
grangian:
L = Lkinetic + gt(Ψ¯LtRH + h.c.) + ZH(DµH)
2 −m2HH
†H −
λ
2
(H†H)2. (4)
Using as a start-up this Lagrangian and the standard model renormalization group equations one can predict [9]
the mass of the top quark and of the Higgs boson in a more precise way.
Here however we shall adopt a different point of view and consider instead the Lagrangian at the scale where both
elementary and composite states exist and the latter takes the form:
L′ = Lkinetic + gt(Ψ¯LtRH + h.c.) + (DµH)
2 −m2HH
†H −
λ
2
(H†H)2 (5)
We assume that the above structure makes sense also in terms of the quark elementary states and that both the
equation of motion of the elementary quarks and of the Higgs boson are respected. We express the composite Higgs
boson as:
H0 =
1
Λ2
Re[t†RtL] =
1
2Λ2
(t¯t) (6)
Let us see what is the naive mass of the Higgs bosons in terms of its constituents. One knows that nonrelativistically
in the center mass frame the mass of the bound state is simply 2mt which confirms the previous findings. In the
relativistic case the equation of motion is:
∂µ∂µH0 +m
2
HH0 = 0, (7)
which translated for the composite states (we took generically for these Ψ¯Ψ) has the form:
(∂µ∂µΨ¯)Ψ + Ψ¯(∂
µ∂µΨ) + 2∂
µΨ¯∂µΨ+m
2
HΨ¯Ψ = 0
−m2t Ψ¯Ψ−m
2
t Ψ¯Ψ− 2∂
µΨ¯γµγρ∂ρΨ−m
2
HΨ¯Ψ = (−4m
2
t +m
2
H)Ψ¯Ψ = 0, (8)
where mt is the mass of the top quark. Here we applied the equation of motion for the constituents quarks and also
used:
1
2
{γµ, γρ} = γµγρ −
1
2
[γµ, γρ], (9)
and the fact that in the Fourier space:
∂µΨ¯[γµ, γρ]∂ρΨ =
∫
d4k
(2pi)4
kµ(r + k)ρΨ¯(−k)[γ
µ, γρ]Ψ(k + r) =
∫
d4k
(2pi)4
kρ(r + k)
µΨ¯(k + r)[γµ, γρ]Ψ(−k)
=
∫
d4k
(2pi)4
kµrρΨ¯(−k)[γ
µ, γρ]Ψ(k + r) =
∫
d4k
(2pi)4
kρr
µΨ¯(k + r)[γµ, γρ]Ψ(−k),
∫
d4k
(2pi)4
kµrρΨ¯(−k)[γ
µ, γρ]Ψ(k + r) = −
∫
d4k
(2pi)4
kµrρΨ¯(−k)[γ
µ, γρ]Ψ(k + r) = 0. (10)
In the r.h.s of the last line of the equation made again the change of variable −k′ = k + r.
Thus the result m2H = 4m
2
t is a result quite valid also from this point of view of the constituent quark equation of
motion.
Let us consider a simplified version of the Lagrangian in Eq. (5) which does not contain the Higgs kinetic and
quartic term. The Higgs can be integrated out and this leads to:
H0 =
gt
m2H
Re[t†RtL] =
gt
2m2H
t¯t (11)
Comparing Eq. (6) with Eq. (11) we determine that Λ2 =
m2
H
gt
. In what follows we will use the expression in Eq.
(11) for the composite Higgs.
3We return to the full Lagrangian in Eq. (5) and regard this in term of the elementary quarks. One might wonder
if we preserve the equation of motion in first order for the fermion fields what does the addition of the Higgs kinetic
term and of the four quark terms adds to the picture. To do that we first work out:
gt(t
†
LtRH + h.c.)−m
2
HH
†H =
g2t
m2H
(t†LtRt
†
RtL + h.c)−
g2t
m2H
(t†LtRt
†
RtL) =
g2t
4m2H
t¯tt¯t (12)
Now let us apply the equation of motion to the full Lagrangian:
L = it¯γµ∂µt+
g2t
4m4H
∂µ(t¯t)∂µ(t¯t) +
g2t
4m2H
t¯tt¯t−
λ
2
g4t
16m8H
(t¯t)4, (13)
to get:
− iγµ∂µt+
2g2t
4m4H
t∂µ∂
µ(t¯t)−
2g2t
4m2H
t(t¯t) +
2g2t
4m2H
t(t¯t) = 0 (14)
We denote:
gt
m2H
〈t¯t〉 = 2v (15)
and reinforce mt = gtv, v
2 =
m2
H
λ
and the equation of motion for t¯t (see Eq. (8)) to obtain for the effective mass of
the top quark:
m′t =
2gt
4m4H
2vm2H(−4m
2′
t ) = mt
m2′t
mt
(16)
The obvious solution is m′t = mt so the mass of the quark is reinforced if we use m
2
H = 4m
2
t . However the same
Lagrangian that has a mass m2H = 4m
2
t leads after taking into consideration the vacuum expectation value of the
field to a real mass m2′H = −m
2
H + 3m
2
H = 2m
2
H . This is obtained by adding the contribution of the quartic term as
in the classic case of spontaneous symmetry breaking. We claim that this is inconsistent as the mass obtained from
both the equation of motion of the elementary and composite states should be the same. In order to fix that we need
to take:
2m2H = 4m
2
t
m2H = 2m
2
t (17)
We introduce this new value for m2H in Eq. (14) and reinforce the equation of motion for the scalar bound state to
get:
m′t =
2gt
4m4H
2vm2H(−4m
2
t ) = −2gtv (18)
We claim that this is the real tree level mass of the top quark in this model and in term of this the Higgs boson
mass is:
m2H = 2m
2
t =
m2′t
2
. (19)
This argument works both ways. We can consider,
2m2H = 4m
′2
t , (20)
where mt is the real mass of the top quark to get from Eq. (16):
m′t = 2mt
m′2t
m2t
m′t =
mt
2
, (21)
4to get again for the mass of the Higgs boson in terms of the real mass of the top quark mt:
m2H = 2m
2′
t =
m2t
2
. (22)
With a mass of the top quark mtop = 173.07 GeV one obtains for the tree level mass of the composite Higgs boson
MH = 122.4 GeV which means that the quantum correction should contribute only with 3 percents to the mass of
the Higgs boson.
In conclusion we argue that in a model with a top composite Higgs particle the structure of the Lagrangian and
the equation of motion suggest that in first instance and at tree level the mass of the top quarks in the bound state
is smaller than that of the free top quark. Of course for a precise determination one needs to consider the effect
of the gauge bosons and of the loop corrections. This finding is different than the low energy QCD picture where
it is observed that the mass of the quarks in the bound state, the ” constituent” quark mass is higher than that of
the free quark. However one should note between the two cases a striking difference. In the case of the low energy
QCD in the vast majority of models the existence of the bound states mesons excludes the presence of the elementary
quarks in the same Lagrangian. This is because the composite and elementary states belong to different energy scales.
In contrast for the more intricate case of top composite Higgs model the simple structure of the standard model
Lagrangain suggests that the bound state and the free elementary quark coexist at about the same energy scale. This
indicates that this kind of models may have features that are different from those of low energy QCD.
In the end the slice of the standard model that contains the top quark and the Higgs bosons in the composite
picture should have the Lagrangian:
L = Lkin + gt(ΨLtRH + h.c.) + |DµH |
2 +m2H†H −
λ0
2
(H†H)2. (23)
with the vacuum expectation value given by v2 = m
2
λ0
and with a tree level mass of the Higgs boson m2H = 2m
2 =
m2
t
2
where mt = gtv.
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